column and multiplying the result by 100. The final figure was the average of the results from two 09 capillaries prepared from a single sample. 10 Faecal samples were analysed for Giardia cysts and oocysts of Cryptosporidium using an 11 immunofluorescent staining method (Crypto/Giardia Cel, Cellabs Pty Ltd., Sydney, Australia) according to 12 manufacturer's instructions. The numbers of cysts and oocysts in the samples per visual field at 200x 13 magnification were ranked as: none (no cysts/oocysts found), low (1-5 cysts/oocysts), medium (6-30 14 cysts/oocysts) and high (>31 cysts/oocysts). Previous studies demonstrated that dairy and beef calves that were naturally infected with Giardia started 18 shedding cysts during the second week of life [11, 16] . To investigate the association between serum proteins 19 and APP concentration and early Giardia infection a new variable was constructed -"early Giardia 20 infection". Calves were considered to be of the early infection group if they had a faecal sample positive for 21 Giardia at ≤12 days of age (n = 21). 22 Logistic regression analysis was used to determine if γ-globulin and APP (SAA, HP, FIB or ALB) 23 concentrations during first (age 0-1) and second samples (age 4-6) had an effect on the onset of early 24 Giardia infection. The outcome variable was "early Giardia infection" and explanatory variables were γ-25 globulins and total protein concentrations from the first or second sample. Birth period was added as a three 26 level categorical variable ("early birth period" 9th-14th May, n = 16; "middle birth period" 15th-17th May n = 27 17; "late birth period" 18th-22nd May, n = 23) to control for a possible confounding effect of birth period. 28 A linear mixed model was constructed to establish if APP (SAA, HP, FIB and ALB) or γ-globulin 29 concentrations changed over the study period (0-33 days). Protein concentrations were used as response 30 variables and age groups as a 7-level categorical variable (age groups: 0-1, 4-6, 8-10, 12-14, 16-17, 20-22 31 and 23-33 days of age), regarded as a fixed explanatory variable. Calf was included as a random factor and 32 isotropic spatial exponential covariance structure was used to model correlation between repeated samples 33 within reindeer calves. Statistical difference was evaluated between every consecutive age group and 34 7 Bonferroni corrections were used for controlling multiple comparison bias. Logarithmical transformations of 35 γ-globulin, SAA and HP data were used.
36
Linear regression models were used to determine if "early infection" was associated with protein or APP 37 concentration levels through the study period (0 to 22 days of age). For every protein, area under the curve 38 (AUC) was calculated for the period using the trapezoidal rule:
Where ti = time of observation, ti-1= previous time of observation, fi = APP concentration at the time, and fi-1 41 = APP concentration at previous time. AUC was used to summarize changes in serum proteins and APP 42 concentrations over the study period. Because the sampling periods were not equal for all calves (difference 43 of up to 2 days), AUC values were divided by period days (day AUC) in order to allow comparison of 44 AUCs between calves with different sample periods.
45
Average protein AUCs were used as outcome variables in regression models. Predictor variables were "early 46 Giardia infection" (2-level categorical variable), Cryptosporidium infection (2-level categorical variable), 47 and other protein (γ-globulins, SAA, ALB, HP and FIB) day AUC values. A birth period categorical 48 variable with three levels was included in all models and a manual step-wise backward elimination 49 procedure was used. The variables used in the multiple regression models were checked for collinearity 50 using a threshold of 10 for the variance inflation factor (VIF), which none of the components exceeded [17] .
51
FIB average AUC was initially added to γ-globulin and SAA models, but it was not statistically significant 52 and was consequently removed from all models. HP day AUC was non-significant in the SAA model and 53 was also excluded.
54
Linear regression models were used to investigate association between daily weight gain (DWG) in the 55 short-term (birth to 20-21 days) and long-term (birth to 114-128 days). Predicting variables were serum 
59
Normality scatter plots of model residuals were used for evaluating the linear regression model assumptions. During the calving season, 9 calves in the study were diagnosed with diarrhoea at the time of sample 70 collection. Calves were diagnosed with diarrhoea if their faeces were thin and watery. Six calves had 71 diarrhoea at the age of 9 to 16 days and one calf had diarrhoea at the age of 31 days. Two calves experienced 72 diarrhoea for two consecutive sampling times (at the age of 9 and 13 in one calf and 13 and 17 days in the 73 second) and both had Cryptosporidium in faecal samples at the later sampling times. All calves except one 74 (diarrhoea once at the age of 10 days) belonged to the late Giardia infection group. 
Giardia and Cryptosporidium infections 87
All the calves in the study from which a faecal sample was collected were Giardia positive. The faecal 88 sample of one calf was positive on day 0. At 2 weeks of age, more than 60% of calves in the study were 89 infected with Giardia. The infection rate sharply increased after 2 weeks of age ( Fig. 1 ). During the first 10 90 days 38.9% calves had a low infection level. During the entire study 67% of calves had at least one sample 91 for which the cyst count was high. By the age of 16 days 83% (45/54) calves had already at least one Average γ-globulin concentrations were higher in the first two days (15.51 ± 4.76 g/l; n = 48).
00
Concentrations subsequently decreased, being lowest at the age 23-33 days (2.84 ± 0.56 g/l; n = 45) ( Fig. 3) .
01
There was significant decrease in average concentrations between every consecutive sample (p < 0.01). Four 02 calves had γ-globulin concentrations below 10 g/l during the 24 h period after birth (all females). Three of 03 them belonged to the early Giardia infection group and one to the late Giardia infection group (one with the 04 lowest value, 3.57 g/l). None of those calves had diarrhoea episodes during the remainder of the study 05 period.
06
Calf serum SAA levels started at a very low level after birth (0.31 ± 0.38 mg/dl; n = 48) and increased up to 07 8-10 days (6.59 ± 4.10 mg/dl) of age (change from first to second sample time and from second to third 08 sample time p < 0.01). They peaked at 12-14 days of age (8.09 ± 4.99 mg/dl) and then began to decrease 09 until the end of study period, but without statistically significant change (Fig. 3 ).
10
Median HP serum concentration levels were lowest at birth and at 4-6 days and then increased at 8-10 days 11 and peaked at 12-14 days of age. Concentrations decreased again at 23-33 days (Fig. 4 ). ALB concentrations 12 were lowest at birth, then increased and stabilised by the end of the third week of a calf's life ( Fig. 4.) . FIB 13 concentration was lowest on the first day, briefly increased and peaked between 4-6 and 12-14 days before 14 decreasing ( Fig. 4) . 
Associations between overall passive immunity and APP response with early Giardia infection 17
The logistic regression models for the onset of early Giardia infection did not indicate significant 18 associations with γ-globulin and APP (SAA, HP, FIB or ALB) concentrations at the first (age 0-1 days) and 19 second sampling times (age 4-6 days).
20
The multiple regression model was used to determine whether the early Giardia infection was associated 21 with overall γ-globulin concentrations during the study period (Fig. 5 ). Early Giardia infection (p = 0.032) 22 and ALB average AUC (p < 0.001) were negatively associated, whereas SAA average AUC (p = 0.002) and 23 HP average AUC (p = 0.017) were positively associated with γ-globulin overall concentration.
24
Similar models were used to evaluate factors associated with overall SAA response during 0-22 days of age 25 (Fig. 6 ). Early Giardia infection (p = 0.042), average γ-globulin AUC (p = 0.001) and ALB (p = 0.015) were 26 positively associated with SAA overall response.
27
Identical multiple regression models as described were constructed for HP, FIB, and ALB overall response, 28 but there were no significant associations with parasite infections or average protein AUCs. [20]. The role of Giardia as a pathogen in ruminants is still uncertain, although its importance as a potential 36 zoonotic organism should not be underestimated [21] .
37
In the harsh Arctic climate it is unlikely that Giardia or Cryptosporidium can survive in soil over winter [22] 38 because of physical damage from freeze-thaw cycles. They could survive in open water and in animals 39 however or be transmitted by humans. In sheep it was established that Giardia shed from ewes reach peak In this study the majority of Cryptosporidium infections were detected after 2 weeks of age. It is possible 50 that colostrum provided sufficient protection to prolong the initiation of shedding, as was demonstrated in 51 dairy calves [28] .
52
Both Giardia and Cryptosporidium establish infection from very low levels (<10 oocysts/cysts) [29] , which 53 could mean that once an animal becomes infected the entire herd is quickly infected, being exacerbated by 54 the decrease in γ-globulin levels.
55
In this study, all the calves from which faecal samples were collected became infected with Giardia. 56 Although dairy calves are kept under very different conditions, reindeer calves did appear to shed Giardia 57 from an earlier age [9] . Giardia cysts were detected in faeces of neonatal dairy calves in the third week of Giardia infection groups were more evident at the end of second and at the beginning of the third week of 70 age (Fig. 3) . This supports the theory that early Giardia infection calves were not able to mount an immune 71 response early and more severe infection pressure at the time when passive protective immunity declined 72 quickly (as seen in Fig. 3 ) resulted in more pronounced activation of APR.
73
SAA levels in this study were comparable with those of a previous study on reindeer [5] . In both studies 74 SAA concentrations peaked at around 2 weeks of age and were comparable with concentrations in dairy 75 calves after birth [32] . In our previous study, reindeer calves with higher SAA at the second week of life had Similarly, in the present study it could be speculated that calves infected sooner had weaker immune 80 responses and were more susceptible to negative environmental factors, resulting in a lower growth rate.
81
However, no evidence for this was forthcoming. Either the infection pressure from Giardia was 82 insufficiently strong or it affected all the calves similarly. Overall, our results indicate that early Giardia 83 infection cannot be related to the impaired adaptation or immunological development of reindeer calves.
84
Higher Cryptosporidium infection rates at the time could potentially stimulate a more severe 85 immunomodulatory effect, but there were only mild and rare infections established in this study. shows % of calves that had had at least one positive Giardia sample collected by that age. All the animals 10 that had faecal sample collected tested positive (n = 54): in total 312 samples were collected. reindeer calves during study period (0-33 days of age). Sample size for ALB and HP at 0-22 days of age and 32 at 23-33 days of age n = 48 and n = 45 respectively. For FIB at 0-1 days, 4-22 days and 23-33 days of age n 33 = 21, n = 48 and n = 23 respectively. 
